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Title : Method of manufacturing carbon nanotube and catalyst 
5 composition 

[Claim 2] A method of manufacturing a carbon nanotube, 
wherein a catalyst, which is formed of crystalline 
nonporous metallo-silicate as a support and carrying a 
10 metal on the crystalline surface of the support, is brought 
into contact with a carbon-containing compound at 500°C to 
1200°C. 

15 [Technical Field of the Invention] 

The present invention relates to a method of 
manufacturing a carbon nanotube having a large surface area, 
high elastic Young's modulus, high tensile strength and 
high conductivity. According to the present invention, it 

20 is possible to obtain a carbon nanotube having a small 
diameter less than 10 nm. 

[0017] In the present invention, it is essential that 

25 the catalyst is of amorphous metallo silicate and 

crystalline nonporous metallo silicate which have a metal 
carried on the surface. While the type of the metal is not 
particularly limited, it is preferably metals of the III to 
XII groups, and more preferably the V to XI group. Among 
30 them, V, Mo, Fe, Co, and Ni are particularly preferably 
used. 

[0027] (Example 2) 
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[Calcination of amorphous titanosilicate] 

The titanosilicate powder synthesized in the Example 1 
was calcined in the air at 900°C for one hour. When the 
powder after calcination was analyzed by X-ray diffraction, 
5 a peak exhibiting a crystal appeared. However, this is not 
a peak of a zeolite. When the nitrogen adsorption of the 
sample was determined at liquid nitrogen temperature, the 
adsorption by micropores was 0.01 g/g or less. 
[0028] [Addition of metal salt onto thermo-resistant 
10 zeolite] 

The thermo-resistant zeolite carrying a metal salt was 
obtained by adding 0.08 g of ferrous acetate (by Aldrich) 
and 0.11 g of cobalt acetate 4 hydrates (Nacalai Tesque, 
Inc.) to 7 ml of methanol (Nacalai Tesque, Inc.), 

15 suspending the mixture for 10 minutes by an ultrasonic 
washer, adding 1.0 g of the calcined titanosilicate 
obtained above to the mixture, treating the mixture by the 
ultrasonic washer for 10 minutes, and removing methanol 
from the mixture while keeping the temperature at 60°C. 

20 [0029] [Synthesis of nanofibers (600°C)] 

On the quartz plate in the center of a quartz tube 
having an inner diameter of 30 mm, 0.050 g of crystalline 
nonporous titanosilicate carrying a metal salt was placed 
and nitrogen was supplied at a rate of 30 ml/minute. The 

25 quartz tube was placed in an electric furnace and heated to 
600°C (measured at the center) . After ultra-pure acetylene 
gas (by Koatsu Gas Kogyo Co., Ltd.) was supplied at a rate 
of 6 ml/minute for 30 minutes, the supply of acetylene gas 
was terminated and the temperature of the tube was 

30 decreased to room temperature. The reaction product 

deposited on the quartz plate was observed under a scanning 
electron microscope JSM-630 INF by JEOL Datum Limited. As 
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a result, substantial deposition of an amorphous 
carbonaceous material was not observed. When a fibrous 
material was analyzed with respect of a shape by a 
transmission electron microscope, it was mainly formed of 
5 fine hollow nanofibers having an outer diameter of 30 nm or 
less and an inner diameter of about 5 nm. When each of the 
hollow nanofibers was observed by a high-resolution 
transmission electron microscope, the wall of the nanofiber 
was formed of a graphite layer. 

10 [0030] [Synthesis of nanofiber (900°C)] 

On the quartz plate in the center of a quartz tube 
having an inner diameter of 30 nm, 0.034 g of crystalline 
titanosilicate carrying a metal salt was placed and 
nitrogen was supplied at a rate of 30 ml/minute. The 

15 quartz tube was placed in an electric furnace and heated to 
900°C (measured at the center) . After the temperature 
reached 900°C, ultra-pure acetylene gas (by Koatsu Gas 
Kogyo Co., Ltd.) was supplied at a rate of 1 ml/minute for 
30 minutes, the supply of acetylene gas was terminated and 

20 the temperature of the tube was decreased to room 

temperature. When part of the reaction product deposited 
on the quartz plate was analyzed with respect of a shape by 
the transmission electron microscope, it was formed of fine 
hollow nanofibers. When each of the hollow nanofibers was 

25 observed by the high-resolution transmission electron 
microscope, the wall of the nanofiber was formed of a 
graphite layer. In addition, a single layered and double 
layered carbon nanotubes were observed. The amount of the 
single layered and double-layered carbon nanotubes was 

30 larger than that obtained in the Example 1. 
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